SUMMARY Regional cerebral blood flow (rcbf) was studied preoperatively and at 2 and 6 months postoperatively in 22 normal pressure hydrocephalus patients using xenon-133 inhalation and single photon emission computed tomography. Sixteen of the 22 patients improved (improved group) and six did not (unimproved group elderly volunteers and from that of patients with senile dementia of the Alzheimer's type (SDAT); (2) To find a method that would preoperatively differentiate patients with possible normal pressure hydrocephalus who improve with shunting from those who do not; (3) To see if cbf would increase after shunt surgery and if so, whether this would correlate with clinical improvement.
There have been at least 14 published studies of cerebral blood flow (cbf) in patients with normal pressure hydrocephalus.'-4 (table 1). All but three of the available reports used a non-tomographic method. ' 11 Although all showed a decreased preoperative cbf, there is disagreement as to whether the preoperative cbf measures predict surgical outcome and change with surgical treatment (table 1) . We present the results obtained with tomographic assessment of inhaled radio xenon transit through the brain in a series of 22 patients operated for possible normal pressure hydrocephalus. Our objectives were: (1) To see if the regional distribution pattern of cortical cbf in normal pressure hydrocephalus patients who improved with surgery was different from that of normal elderly volunteers and from that of patients with senile dementia of the Alzheimer's type (SDAT); (2) To find a method that would preoperatively differentiate patients with possible normal pressure hydrocephalus who improve with shunting from those who do not; (3) To see if cbf would increase after shunt surgery and if so, whether this would correlate with clinical improvement.
Methods
Criteria for patient selection To enter the study patients had to have progressive gait abnormality, dementia, urinary incontinence or urgency and hydrocephalus as defined by an Evans ratio of more than 0 3 on CT. Twenty-six patients met these criteria and underwent 24-hour intracranial pressure monitoring and/or the CSF conductance test. 15 Informed consent was obtained from the next-of-kin and the patient. If the patient had more than 50% B waves on the pressure tracing and/or a CSF conductance of <0-10 (as described by Borgesen and Gjerris ") he or she was offered surgery. One patient improved with repeated lumbar punctures and was offered surgery on this Previous validation studies in this institution, performed with a multi-compartmental dynamic phantom and monkey brain model, had indicated that rcbf measurements with this technique are valid when they are applied to grey matter regions measuring 3 cm or more in cross-sectional dimensions26 (and unpublished data). Accordingly, the brain regions selected for blood flow analysis measured on the average 5 x 3 cm within the image plane and reflected predominantly cortical grey matter. To meet these conditions, the computer divided each of the tomographic slices longitudinally into three equal sections labelled anterior, middle and posterior (fig 1) . A cortical strip averaging 15 cm' in cross-sectional area was then delineated on the left and right margins of each section. A total of 12 rcbf measurements, thus, were analysed in each subject. 3) . In order to exclude a difference in ventricular size between improved and unimproved normal pressure hydrocephalus groups as an explanation for the above differences in rcbf values, we measured the surface area of the lateral ventricles as a ratio of the surface area of the inner table of the skull on the preoperative CT in each patient (table 2) . We then compared the results in the improved and unimproved groups using the Student's t test. There was no difference (p = 0 42) between these groups.
We also performed an analysis of variance on the anterior/posterior cbf ratios on slices 3 and 4 in the preoperative improved normal pressure hydrocephalus group, the normal controls, and the patients with SDAT (see table 4 for summary). The ratio of anterior/posterior rcbf values in the improved normal pressure hydrocephalus group was significantly different from the values obtained in both the unimproved normal pressure hydrocephalus and SDAT groups on slice 4. The same was true for the unimproved normal pressure hydrocephalus group when compared to subjects of the SDAT and the normal control groups.
Regional cerebral bloodflow in normal pressure hydrocephalus 3 Regional cbf changes following surgery and correlatation ofsuch changes with clinical improvement To study this question we applied paired comparisons on all improved normal pressure hydrocephalus patients who had either pre-and first postoperative (N = 15) or pre-and second postoperative cbf studies (N = 12). When comparing the preoperative with the first postoperative study there was a significant increase in rcbf in the posterior areas on slices 3 and 4 (p = 0-02 and 0-01), respectively), the frontal area on slice 4 (p = 0.03), the summated cbf's (that is, a summation of all six areas analysed in slices 3 and 4; p = 0 02), as well as a trend to improvement of the anterior rbcf on slice 3 (p = 007) and the middle section on slice 4 (p = 0 1). However, when we compared the preoperative with the second postoperative rcbf study, we found no significant difference between the pre-and postoperative measures. Two patients were noted to be anxious during the second study and had very high overall cbfs at this time. To see if this was the cause of the increased cbf at the first postoperative study, we excluded these two patients and compared the pre-to the first postoperative study on the remaining 13 patients. There was still a trend to improvement in the posterior areas of slices 3 and 4 (p = 0 04 and 0-10) and the summated cbf (p = 0.08). This suggests that the anxiety in these two patients probably accounted for some of the increased cbf at this time. We should note that the improved patients did not deteriorate clinically in the months between the second and third studies even though the cbf decreased over this period.
Discussion
The results of the study show that the preoperative cerebral blood flow in normal pressure hydrocephalus patients is quantitatively different overall from that in normal controls but not significantly different from that in patients with SDAT. However, in analysing the pattern of rcbf variation, we found the ratio between the anterior and the posterior cbf values to be significantly different between normal pressure hydrocephalus and SDAT patients. This suggests that although there is an overall decline of cbf in both normal pressure hydrocephalus and SDAT, there are regional cbf differences in the two diseases. The former disease preferentially affects anterior areas and the latter affects posterior ones predominantly. This is in keeping with previous reports of cbf and metabolism in both diseases4 5 9 13 28 29 (table 1) .
An important finding in this study is that the anterior/posterior ratio of cbf seems to be able to predict surgical outcome. The surgical outcome prediction would have been incorrect in three of 22 patients if the cutoff of 1-05 was applied (fig 3) . One way to explain this finding would be to assume that preoperatively the unimproved group had larger ventricles than the improved group. However, we measured and compared the ventricular sizes in the two groups and found no significant difference.
The difference in anterior/posterior cbf ratio between the improved and unimproved normal pressure hydrocephalus groups was also maintained after surgery. In fact, in a total of 52 pre-and post-surgery studies, only in five instances were the patients incorrectly classified into the improved and unimproved groups (fig 3) . A possible explanation for the greater anterior/posterior ratio in the unimproved group may be the following. Two of the patients who failed to improve and have come to necropsy had pathological findings compatible with both Alzheimer's disease and normal pressure hydrocephalus, that is, they have neurofibrillary tangles and senile plaques but also large ventricles, thinning and even absence of ependyma associated with adjacent periventricular gliosis. We also found that SDAT patients as a group have a significantly higher anterior/posterior cbf ratios than patients in the improved normal pressure hydrocephalus group (fig 3) . It is thus likely that patients in our unimproved normal pressure hydrocephalus group may have had a combination of the two diseases, and this may be reflected in their relatively high anterior/posterior cbf ratio. If further studies confirm this finding, preoperative cbf may prove a useful prognostic test in patients with possible normal pressure hydrocephalus.
The anterior/posterior ratio differences were mainly seen in slice 4 but not slice 3. We believe the reason for this is that slice 3, which is 6cm above the orbitomeatal line, is more likely to cut through the posterior horns of the lateral ventricle than slice 4, which is 8 cm above the orbitomeatal line. Thus a spuriously low posterior rcbf in normal pressure hydrocephalus is more likely to be measured in slice 3 where the cortical area measured may include part or an enlarged posterior horn, than in slice 4. By the method we have used we believe that slice 4 is more likely to reflect true anterior/posterior cortical rcbf differences.
Some have reported that low preoperative cbf predicts poor surgical outcome and conversely high preoperative cbf predicts good surgical results (see table  1 ). Both these predictions have been refuted by others (table 1) . Our results are in keeping with the latter.
At 2 months postoperatively, the improved normal pressure hydrocephalus patients had a significant increase in cbf (table 3) . At 6-12 months after surgery, the cbf values were not significantly different from the preoperative levels. However, clinically the patients maintained their improvement at the time of the second postoperative rcbf study. From 
